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荧光显微镜观察以及 SDS-PAGE 鉴定，证实 DsRFP 在重组酵母中获得了高
效表达，占细胞总蛋白的 11％，摇瓶发酵蛋白产量达到 1.2g/L。基因剂
量与外源蛋白表达量正相关，10 拷贝外源重组菌株表达量是 3-4 拷贝的
2.4 倍。用硫酸铵分级沉淀、DEAE-5PW 阴离子交换层析和 S-HyperD 阳离



















PROTEINsolve 软件上优化 HBsAg 基因序列，进行全基因合成，然后将优
化前、后的基因分别构建酵母胞内表达质粒。转化酵母后，用 G418－RDB







显示，优化前 HBsAg 基因 5 个 Arg 密码子中有 4 个使用频率接近零，近
60％的密码子在毕赤酵母中使用频率低，而且存在稀有密码子串连现象。
说明密码子严重影响 rHBsAg 在酵母中表达水平。基因拷贝数与表达量实
验显示基因剂量对 rHBsAg 的表达水平没有影响。对 rHBsAg 摇瓶发酵条件
进行了优化。诱导 60hrs 后 rHBsAg 表达量达到 5.6mg/L,OD600 为 58。发
酵罐高密度发酵后目的蛋白的产量比摇瓶发酵提高 4.7 倍。用硫酸铵分级
沉淀、疏水层析与 CsCl 等密度超速离心进行了纯化。SDS-PAGE 电泳结果
说明，rHBsAg 分子量大约为 23kD，没有糖基化。超离发现在密度为
1.19mg/mL 处含量 大，说明毕赤酵母表达的 HBsAg 自组装为颗粒，电镜





学研究发现抗 N 蛋白体液免疫应答是机体对 SARS 病毒感染的 主要免疫
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的重组菌株，用 SDS-PAGE 法与 Western－blot 分析表明，重组 N 蛋白可
在毕赤酵母中获得高效表达。对 N 蛋白摇瓶表达条件进行优化。诱导 2d
后 N 蛋白表达量达到约 450mg/L ,OD600 为 56，N 蛋白表达量占细胞总蛋
白的 8％；高密度发酵后产量达到 2.5g/L,是摇瓶发酵的 5.5 倍，生物量
达到 348 OD600。Western-blot 分析表明重组 N 蛋白对鼠源单抗以及 SARS
病人阳性血清具有较强的特异性反应。本研究首次在毕赤酵母中表达出高
活性的 N 蛋白，并建立了规模生产工艺，为研究 N 蛋白在 SARS 病毒的包
装机制、制病机理以及研制 SARS 的血清诊断试剂打下基础。 
 
关键词   毕赤酵母   红色荧光蛋白  乙型肝炎病毒表面抗原（HBsAg） 





























Pichia pastoris bears characteristics that suit demands of producing 
recombinant biopharmaceuticals, such as the simplicity of gene manipulation, 
the ability of producing foreign protein at high level and performing many 
eukaryotic post-translational modifications. Comparing with extensively used 
Saccharomyces ceresiviae, the major advantages of working with Pichia 
pastoris include high-level expression of heterologous proteins and the genetic 
stability. So in biopharmaceuticals production, the trend of substituting Pichia 
pastoris for Saccharomyces ceresiviae is more and more clear. However，the 
study of Pichia pastoris in our country is much later than that in developed 
countries. And there is no report about its usage in clinical biopharmaceuticals 
production until now. 
 In this study, the Pichia pastoris expression system was firstly 
established using the red fluorescent protein (DsRFP). The study on effects of 
electroporation indicated that the linearization percentage of the vectors, the 
concentration of vectors and the parameters of transformation have great 
effects on the transformation efficiency. The transformation efficiency reaches 
105cfu/μg DNA after optimizing the conditions of electroporation. Several 
methods of crash cells were experimented, including ultrasonication, enzyme 
treatment, glass bead, freezing-and-thawing and high pressure. It was found 
that the cell crash efficiency using high pressure is more than 95%, higher than 
any other methods. The DsRFP gene was cloned into expression vector, and 
then the recombinant plasmid was linearized and transformed into P.pastoris 
by electroporation. The His＋Mut＋ recombinant strains were screened out using 
G418-RDB plates, which eliminated the false positive strains, and shortened 
the sereening time. The positive strains were analyzed by an improved total 
genome DNA PCR method, which can not only identify whether the DsRFP 
gene was integrated into P.pastoris genome, but also confirm the phenotype of 
positive strains. The results are identical to the phenotypes identified by 
minimal methanol medium (MM) and minimal dextrose medium (MD) plates. 














detected by visible light, fluorescence microscope and SDS-polyacrylamide 
gel electrophoretic. The rDsRFP protein expressed is about 11% of the total 
cell protein, and 1.2g/L of rDsRFP protein were obtained in shake flask. The 
results of expression showed that an increase in copy number of the foreign 
gene leads to enhanced rDsRFP yields accordingly. Then the rDsRFP was 
purified through ammonium sulfate precipitation, DEAE-5PW aion-exchange 
chromatography and S-HyperD cation-exchange chromatography. It showed 
that rDsRFP expressed in P.pastoris were tetramers, the same as nature 
conformation. Thus, rDsRFP was not only over-expressed in P.pastoris, but 
also had correct conformation. The results indicated that the P.pastoris 
expression system was successfully established. 
Anti-HBsAg antibody is a protective antibody to the hepatitis B virus. So 
the HBsAg is the main ingredient of hepatitis B vaccine. In this research, the 
full-length HBsAg gene was synthesized after optimized according the 
preference codon of P.pastoris. The optimized HBsAg gene and wild type 
HBsAg gene were both cloned into expression vector respectively, and then 
the vectors were linearized and transformed into P.pastoris by electroporation. 
The recombinant strains were screened out using G418-RDB plates, total 
genome DNA PCR and MM/MD plates. The yield of recombinant HBsAg 
(rHBsAg) of optimized gene is 10 times more than that of the wild type gene 
by quantitative ELISA. Gene sequence analysis demonstrated that there are 4 
Arg codons of wild type HBsAg gene is almost never used and almost 60% 
codons of it is rarely used in P.pichia. Furthermore, there are several rare 
codons of P.pichia exist as a cluster in wild type HBsAg gene. So the results 
show the rare codons repress the expression of rHBsAg in P.pichia. The 
dosages of gene had no effect on rHBsAg expression. Then, the expression 
conditions were studied. The yield of rHBsAg reached 5.6mg/L, and biomass 
reach 58 at OD600 after 60 hours’ induction. The rHBsAg yield of high-density 
cell culture in bioreactor is 4.7 times higher than that of in shake flask. 
rHBsAg was purified through ammonium sulfate precipitation, hydrophobic 
chromatography and CsCl density gradient ultracentrifugation. The molecular 
weight of rHBsAg is about 23 Kd by SDS-polyacrylamide gel electrophoretic 














The content of purified rHBsAg is highest at the density of 1.19mg/mL. It is 
thought that rHBsAg expressed in P.pichia assemble into particle. 
Homogeneous 22nm particle could be seen under electron microscope. The 
competitive ELISA shows that the rHBsAg exhibit good bioactivity. So far, the 
scale up technics was established.  
Serology study reveal that humoral immunity response against SARS 
coronavirus nucleocapsid protein (N protein) is one of major immunity 
response to the patient infected by SARS. N protein plays an important role in 
reproduction and pathological reaction of SARS-CoV, so N protein may be the 
perfect antigen used in serology detection. Full length cDNA of N protein gene 
was amplified through PCR and cloned into yeast expression vector. Then the 
plasmid was linearized and transformed into P.pastoris by electroporation. The 
recombinant strains were identified using G418-RDB plates, total genome 
DNA PCR and MM/MD plates. The influence of different factors on biomass 
and recombinant N protein production during induction phase were studied. 
After 2 days induction in shake flask, the expression of N protein reached 
450mg/L, and the maximum cell OD of 56 at 600nm was achieved. The N 
protein expressed in recombinant strains was about 8% of the total cell protein 
by SDS-polyacrylamide gel electrophoretic analysis. The N protein yield of 
high-density cell culture in bioreactor is 5.5 times higher than that in shake 
flask. Western-blot showed the N protein possessed high specificity against 
mouse-anti-SARS-CoVN mAb and SARS patient positive sera, but no 
cross-reaction with normal human serum. In this study, we not only expressed 
N protein for the first time, but also established the scale up techincs, 
providing a basis for further researches on the early diagnosis of SARS and the 
virus reproduction and pathology reaction of SARS-CoV. 
 
Key words   Pichia pastoris   Hepatitis B virus surface antigen scale up technics 
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前    言 
                        
基因工程药物引入医药产业，引起了医药工业的重大变革，使医药产
业变为 活跃、发展 快的产业之一。自 1982 年第一个重组药物——人
胰岛素在美上市到 2000 年底，美国食品和药品管理局（FDA）已批准 116
种生物技术药物和疫苗；自 1971 年全球首家基因工程药物公司在美国创
建到 2001 年初，美国已有生物技术公司 2000 家左右，约占全世界生物技
术公司的三分之二；近 20 年来，医药产业增长迅猛，从 1994 年的 2467
亿美元到 2000 年的 3500 亿美元，预计 2010 年将突破 6000 亿美元，而基
因工程药物约占 10％，这一数字仍在以较快的速度增长(1)。巨大的市场利
益和广阔的应用前景，使大量的资金投向生物技术药物研发和产业化。我
国基因工程药物的研究和开发比较晚，直到 20 世纪初 70 年代才开始将
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